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ABSTRACT
The research effort in this project constitutes a novel hybridization of techniques developed by the Pis in recent years, concerned on one hand with finite element approaches to the modeling of contact-impact phenomena in solid and structural mechanics, and on the other with extended Finite Element Method (XFEM) approaches which are able to advect interfaces through finite element grids without the necessity to mesh these interfaces explicitly.
The work described considered situations where a finitely deforming solid interacts with an Eulerian description of a fluid or inelastically deforming solid, and also developed and demonstrated new techniques for the description of granular and/or polycrystalline media where interfaces did not require explicit gridding, but could instead be robustly treated through new stabilized enrichment techniques, not necessitating the analyst to perform costly gridding operations. 
SUBJECT TERMS
Objectives and Accomplishments
This project focused on the development of numerical methods to describe dynamic fhermomechanical interaction between structures and media which are highly compliant in a relative sense (e.g., fluids and soils). The emphasis was on interface treatment in such problems, encompassing the possibility of intense heating and/or abrasion resulting in material removal.
The overall approach amounted to a novel hybridization of techniques developed by the Pis in recent years, concerned on one hand with finite element approaches to the modeling of contact-impact phenomena in solid and structural mechanics, and on the other with extended Finite Element Method (XFEM) approaches which are able to advect interfaces through finite element grids without the necessity to mesh these interfaces explicitly. Major research objectives and accomplishments associated with the project, and the publicly available sources where these results were documented, are as follows:
• In addition to the above archival documents, the work encompassed by these three broad areas was disseminated at multiple talks given at national and international meetings by the Pis and their students and collaborators. These talks are listed below in Section 6.
Evolution of Effort and Interaction with Air Force Personnel
When compared with the original proposal, the focus of the project shifted fairly substantially with time away from interaction of solids with liquids, and more toward solid mechanical applications involving granular media. This evolution occurred both as a result of consistent communication with the Program Manager, Victor Giurgiutiu, but also as a result of our regular interaction with personnel in the Munitions Directorate at Eglin Air Force Base as this project progressed. Dr. Bill Cooper coordinate two workshops concerned with Particulate Mechanics, in January of 2007 and 2008 , and the Pis participated in and were greatly influenced by both of these workshops.
This being said, however, the early work in this project (led by Y. Jung), focusing on the development of overset finite element methods for simulating the transient interaction of a "fluid" with a nonlinear structure, served to strongly guide the subsequent focus on solid-solid interactions. The work first extended existing technology in which the structure was assumed to be elastic, to one in which finite deformation plasticity was considered, considerably modifying the approach to enforcing continuity at the interface to one using a Nitsche's method. The advantage of this approach is that it does not employ Lagrange multipliers, and thus reduces the computational cost. The convergence behavior of the method was extensively examined, and the work done in this project led directly to the work on multi-grain structures (constituting the MS degree of J. Sanders) that followed. This work was strongly driven by the interest of Munitions Directorate personnel on efficient mesoscale numerical methods for simulation of intergranular contact and slip. This work, recently documented in the MS thesis and in Sanders, Dolbow and Laursen (2009) , shows conclusively that rigid interfaces in multigranular structures can be robustly treated without the need of costly explicit interface gridding by the analyst. In a follow up study, recently awarded funding by the AFOSR, the Pis will demonstrate the extension of these ideas to more intricate interface constitution and also begin efforts to extend these results across length scales.
Accomplishments/New Findings
The primary accomplishment of the work to date has been the development of the stabilization methods useful for both fluid/structure and solid/solid interfaces, without the need for explicit gridding of such interfaces. Methods have been demonstrated both for simple fluid-structure interaction problems, as well as for application in which the "interfaces" are grain boundaries that are not explicitly meshed by the analyst.
Personnel Supported
Personnel involved with this project over the past year include:
• Tod A. 
